Natural habitats of yeasts were examined for the presence of strains able to produce ethanol from D-xylose. Black knots, insect frass, and tree exudates were screened by enrichment in liquid D-xylose-yeast extract medium. These and each D-xylose-assimilating yeast in a collection from cactus fruits and Drosophila spp. were tested for alcohol production from this sugar. Among the 412 isolates examined, 36 produced more than 1 g of ethanol liter-' from 20 g of D-xylose liter-', all under aerated conditions. Closer examination of the strains indicated that their time courses of D-xylose fermentation followed different patterns. Some strains produced more biomass than ethanol, and among these, ethanol may or may not be assimilated rapidly after depletion of D-xylose. Others produced more ethanol than biomass, but all catabolized ethanol after carbohydrate exhaustion. Ethanol production appeared best at low pH values and under mild aeration. Possible correlations between the nutritional profiles of the yeasts and their ability to produce ethanol from D-xylose were explored by multivariate analysis. D-Xylose appeared slightly better utilized by yeasts which rate poorly in terms of fermentation. The fermentation of D-glucose had no bearing on D-xylose fermentation. No specific nutritional trait could discriminate well between better D-xylose fermentors and other yeasts.
Considerable interest in the ability of certain yeasts to ferment the pentose sugar D-xylose stems from the abundance of this sugar in waste materials of the wood and paper industries. Screenings of D-xylose-fermenting yeasts have been limited largely to culture collections (11) , and little knowledge exists on the ecological significance of D-xylose fermentation. In addition, ethanol yields from D-xylose have been low. Xylose fermentation may be associated with poor tolerance to ethanol, although it is not known whether this is coincidental or biochemically significant. A small number of yeasts have been candidates as potential industrial strains (3, 9) . Fein and co-workers (4) have examined many such strains for their ability to produce ethanol from D-xylose in wood hydrolysates, and they observed a significant reduction in ethanol yields compared to the fermentation of purified D-xylose. For these reasons, it is of interest to determine whether natural plant substrates harbor yeasts actually capable of fermenting D-xylose efficiently. In this paper, we report a study of the presence of D-xylosefermenting yeasts b Assumed theoretical value (ethanol/D-xylose) = 0.51 g g-1.
' 100-ml culture in 250 shake flask, 100 rpm. Time course of D-xylose fermentation. The modalities of ethanol production differed from species to species. Three major types of time courses were observed (Fig. 1) . In Aureobasidium pullulans (Fig. 1A) D-xylose utilization resulted more in biomass than in ethanol production, and on exhaustion of the carbohydrate, ethanol decreased slowly. Little additional cell growth occurred after D-xylose was depleted. It is not quite clear whether the decrease in ethanol concentration was due to its catabolism by the organism or to evaporation.
Biomass greatly exceeded ethanol in Candida famata (Fig. 1B) , although in this case growth on ethanol proceeded, after a slight lag, at a rate comparable to the rate observed with D-xylose as the substrate. In addition, the growth of C. famata after D-xylose depletion exceeded the yield anticipated only from the consumption of ethanol. This pattern was observed in several other yeasts, including Candida strains 83-17 and 83-19 (Table 1) .
At the other extreme, strain 83-877-1 of an undescribed species of Clavispora produced more ethanol than biomass (Fig. 1C) . After depletion of D-xylose, ethanol was utilized for growth. Candida sp. strain 83-3 (tentatively designated as Pichia vini by Bowles and Lachance [1] ) fell in the latter category as well.
Fermentation parameters of selected strains are shown in Table 3 . In all cases, fermentation was studied in media adjusted to various initial pH values. Ethanol production appeared best at low pH values. None of the yeasts were able to ferment D-xylose anaerobically, and ethanol yields were highest under mild agitation. In all cases, a significant proportion of the carbohydrate consumed was not accounted for by biomass and ethanol. The microorganisms therefore must produce other metabolites, such as xylitol (4) . Each of the yeasts above assimilated xylitol slowly but extensively under standard conditions (12) . Strains 83-3 and 83-877-1 were the most promising in terms of potential applications, and they were retained for further studies.
Yeast nutrition and D-xylose fermentation. It was of interest to examine the physiological profiles of the yeasts in this study to determine whether any of their properties could be correlated with D-xylose fermentation abilities. This might provide some insight for designing methods of isolation based on enrichment procedures.
In the course of identification of the isolates listed in Tables 2 and 3 , the responses to 68 nutritional characteristics were determined. The responses for each taxon were analyzed by centroid principal components analysis, a method which reveals combinations of correlated characters which best separate groups of individuals. The yeasts were partitioned into groups according to whether they rated "negative" (less than 1 g of ethanol liter-1), "poor" (more than 1 g but less than 4 g of ethanol liter-'), or "good" (4 g liter-1 or more of ethanol). The results are shown in Fig. 2 . The first component, which summarizes 65% of the intergroup variation, polarizes the good and poor D-xylose-fermenting strains against those which gave less than 1 g of ethanol liter-' from 20 g of D-xylose liter-', while the second axis (35% of variation) opposes yeast species rated poor to all others. Note that no more than two components may be generated when the yeasts are pooled into three groups.
The taxonomic growth responses correlated significantly (( = 0.01) with the first axis are listed in Table 4 
